The use of antioxidant-rich medicinal plants having the potential to reduce oxidative stress and postprandial hyperglycemic pressure is one of the most promising option for the management of diabetes. This study presents information on metabolite profiling and in vitro anti-diabetic effects of leaf extracts of Ficus benjamina. The DPPH (2, 2-diphenyl-1-picrylhydrazyl radicals) assay was performed to determine the in vitro antioxidant potential of the plant extracts. The anti-diabetic effects were investigated by evaluating inhibitory properties of F. benjamina leaf extracts towards carbohydrate hydrolyzing enzymes, i.e., α-glucosidase and α-amylase, whereas 1 H NMR and UHPLC-QTOF-MS/MS analytical methods were employed for metabolite profiling of F. benjamina leaf extracts. Among 40, 60, 80, and 100% ethanolic leaf extracts of F. benjamina, 80% ethanolic extract exhibited the highest antioxidant activity based upon its DPPH radical scavenging ability (IC 50 value: 63.71 ± 2.66 µg/mL). The 80% ethanolic leaf extract of F. benjamina also proved to be the most efficient α-glucosidase and α-amylase inhibitor with IC 50 values of 9.65 ± 1.04 µg/mL and 13.08 ± 1.06 µg/ mL, respectively; these values were even better than acarbose with α-glucosidase inhibition activity (IC 50 = 116.01 ± 3.83 µg/mL) and α-amylase inhibition activity (IC 50 = 152.66 ± 7.32 µg/mL). Moreover, a total of 31 metabolites were identified in F. benjamina leaf extract, which may have the potential to contribute to its antioxidant and inhibitory properties against carbohydrate hydrolyzing enzymes. The findings of this study depict F. benjamina leaf extracts as a promising α-glucosidase and α-amylase inhibitor, and therefore, can be utilized for the development of anti-diabetic functional diets/nutra-pharmaceuticals.
Introduction
Diabetes mellitus is a common and diversified world-wide metabolic disorder, and is usually characterized by irregularities in blood glucose levels. [1] [2] [3] Diabetes pathogenesis results in adverse health complications, such as neuropathy, retinopathy, and cardiovascular disorders, etc. [4] [5] [6] In some cases, it also leads to death. [1, 2] Numerous pharmacological agents having a diverse mode of action are being used for the cure and management of diabetes mellitus. Although, hormone therapy is effective for the treatment of diabetes mellitus, its use is restricted because of its limited actions and adverse side effects, such as hypoglycemia, weight loss, abdominal pain, damage to liver, diarrhea, lactic acidosis, and loss of appetite. [5] [6] [7] The other strategy to manage diabetes mellitus is based on reduction of glucose absorption through interference in the activity of α-glucosidase and α-amylase (carbohydrate-hydrolysing enzymes). [8] [9] [10] Alpha-amylase hydrolyzes polysaccharides to oligosaccharides, whereas α-glucosidase catalyzes the last carbohydrate hydrolysis step resulting in the generation of absorbable monosaccharides. [11] Use of the inhibitors with ability to inhibit hydrolyzing enzymes could be a workable and emphatic approach to delay the uptake of dietary carbohydrates, leading to the suppression of postprandial hyperglycemia. [8, 11, 12] To date, only a limited number of α-glucosidase and α-amylase inhibitors are available commercially; perhaps because their synthesis is very complex and also serious gastrointestinal complications have been reported to be linked with their usage. [13] Alternatively, medicinal herbs having promising therapeutic potential and minimal side effects are now getting much attention and recognition for the management of diabetes mellitus. For example, numerous medicinal plants have been explored and are reported to exhibit potent α-amylase and α-glucosidase inhibition properties. [14] [15] [16] [17] Many of them are even more effective than the synthetic drugs. [1, [18] [19] [20] The search for novel medicinal plants that have potent anti-diabetic activity based on their inhibitory role toward α-amylase and α-glucosidase is of significant importance.
Ficus benjamina is a widely distributed tree common in Asia, America, Australia and in some European countries as well. Traditionally, it is used in folk medicines for therapeutic management of numerous diseases, such as respiratory tract infections, influenza, malaria and dysentery. It has also been reported to exhibit antitumor, antibacterial, antiviral and analgestic properties. [21] [22] [23] In the present study, F. benjamina leaf extract was investigated for its anti-enzymatic activity against α-amylase and α-glucosidase. Additionally, metabolite profiling of the extract was also carried out using analytical techniques like 1 H NMR and UHPLC-QTOF-MS/MS.
Materials and methods

Chemicals and reagents
All the chemicals and reagents utilized during the current study were of analytical grade. Alphaglucosidase and α-amylase enzymes, 1,1-diphenyl-2-picrylhydrazyl (DPPH), methanol, p-nitrophenyl-α-d-glucopyranoside, potassium dihydrogen phosphate (KH 2 PO 4 ), glycine, dinitrosalicylic acid, and the reference standards including acarbose and butylated hydroxyanisole (BHA) were procured from Sigma-Aldrich (St. Louis, USA). Methanol-d4 (CD 3 OD, 99.8%), sodium deuterium oxide (NaOD) deuterium oxide (D 2 O, 99.9%) and trimethyllsilyl propionic acid-d 4 sodium salt (TSP) were obtained from Merck (Darmstadt, Germany). UHPLC grade acetonitrile and ethanol were purchased from Merck (Darm-stadt, Germany). Liquid nitrogen was procured from MOX Company (Petaling Jaya, Malaysia).
Plant materials and extraction
Fresh leaves of the sample plant were obtained from Agriculture Park, University Putra Malaysia (UPM) and voucher specimen (H025) was submitted at Faculty of Forestry, UPM for identification. The plant specie was identified as Ficus benjamina. The fresh leaves were washed, initially dried with tissue paper, treated immediately with liquid nitrogen for instant quenching of secondary metabolites and then freeze-dried. The freeze-dried F. benjamina leaves were ground to powder and extraction was carried out by dissolving 10 grams of powdered F. benjamina leaves in each of 40, 60, 80, and 100% ethanol. The resultant mixtures were vortexed at ambient temperature and ultrasonicated for 1 hr. Filtration was done using filter paper (Whatman, no. 1) and excess solvent was removed on rotary evaporator at 40°C under vacuum till the recovery of the extract. The crude F. benjamina extracts were finally freeze-dried and stored at −80°C till further use.
DPPH radical scavenging activity DPPH (2,2-diphenyl-1-picrylhydrazyl radicals) radical scavenging activity of ethanolic F. benjamina leaf extracts was tested to assess their antioxidant potential. [24, 25] Briefly, 0.25 mL of various concentrations (10-100 μg/mL) prepared from F. benjamina extracts and standard antioxidant (BHA) were mixed with 1.75 mL of DPPH reagent in a microplate. The plate containing reaction mixtures was incubated for 30 min at room temperature in a dark room. The absorbance was then measured at 515 nm using Elisa plate reader (Biotek, EL 800) and % inhibition was calculated using the following formula:-
where A (Sample) is the absorbance of the test sample, while A (Blank) is absorbance of the blank/ control consisting of all the reagents except sample. Moreover, IC 50 for the extract was calculated by plotting extract concentration against % inhibition.
H-NMR spectroscopic analysis of Ficus benjamina leaf extract
For 1 H-NMR analysis briefly, 25 mg of the F. benjamina leaf extract was taken in a 2.0 mL micro tube followed by the addition of 0.7 mL of methanol-d 4 and KH 2 PO 4 buffer in 1:1 (pH, 6.0 units) along with 0.1% TSP (Trimethylsilypropionic acid sodium salt). Each micro tube was then vortexed at room temperature for 1 min followed by ultrasonication (15 min) and centrifugation at 13000 rpm for 10 min. The supernatant was separated and transferred (0.6 mL) to NMR tubes for 1 H-NMR analysis which was executed with a 500 MHz spectrometer (Varian INOVA model Inc., California, USA). The operation frequency of instrument was 499.887 MHz and each spectrum was recorded at 26°C. Every spectrum was constituted of 64 scans having 20 ppm width with acquisition time of 3.53 min. Phasing and baseline correction of the spectra were carried out by using Chenomx software (v. 5.1. Alberta, Canada). Moreover, chenomx library, literature study along with twodimensional 1 H-1 H J-resolved was used for the identification of compounds.
Ultrahigh performance liquid chromatography-quadropole/time of flight-tandem mass spectrometry (UHPLC-QTOF-MS/MS) UHPLC-QTOF-MS/MS analysis was executed using Agilent 1290 UHPLC coupled with Sciex High Resolution MS/MS with Accurate mass QTOF. The system was fitted with Phenomenex Synergy RP C18 column (100 mm x 2.0 mm x 3 uM). The mobile phase composed of water (A) and acetonitrile (B) having 0.1% formic acid and 5 mM ammonium formate was used for gradient elution programming: 5% B to 95% B from 0.01 min to 20 min, hold for 5 min and back to 5% B in 0.1 min and reequilibrated for 5 min. Each plant extract (2 mg) was dissolved in 1 mL methanol (80%) and filtered through 0.45 um nylon filter and a sample volume of 10 uL was injected into LC-MS/MS. Mass spectrometric data were acquired based on tandem mass spectrometer using ESI source in Negative ionization mode and accurate mass QTOF. Full scan MS/MS data were collected at a resolving power 70000 FWHM with scanning range of m/z 50-1000 amu. The UHPLC-QTOF-MS/MS system was equipped with mass spectral data processing software (Analyst 1.5.2) and also with an ACD/Labs spectral library for structure elucidation (ACD/Labs, Inc., Toronto, ON, Canada). The information inferred from molecular ion peak data and possible patterns of mass fragmentation were utilized to identify the peaks resolved in chromatogram. Spectral data were evaluated and confirmed by comparing with ACD/Labs library and previously reported information.
Inhibition of α-glucosidase activity assay
Alpha-glucosidase inhibition activity of F. benjamina leaf extract was performed using the method described by Jabeen et al. [26] with some modification in 96 well micro-plate. Briefly, 10 µL of the each extract was mixed separately with 70 µL of 100 mM potassium phosphate buffer having pH of 6.8 units. After preparing appropriate dilutions, 10 µL α-glucosidase (1 unit/mL) was added and the mixture was incubated at 37°C for 10 min. The reaction was initiated by adding 10 µL of substrate (5 mM p-nitrophenyl glucopyranoside). After having 30 min incubation at 37°C, the reaction was stopped with the addition of 50 µL glycine (adjusted to pH 10 units). Finally, the absorbance was measured for released p-nitrophenol at 405 nm using Elisa 96-well micro-plate reader (Biotek, EL 800) and percent α-glucosidase inhibition was calculated. Acarbose and quercetin were used as reference inhibitors/positive control. All the experiments were carried out in triplicate. Moreover, IC 50 for the extract was calculated by plotting extract concentration against % inhibition.
Inhibition of α-amylase activity assay
Alpha-amylase inhibition activity of F. benjamina leaf extract was executed using a modified procedure described by Kazeem et al. [16] The mixture was consisted of 200 μL of F. benjamina leaf extract (5.0-30 µ/mL), 200 μL of 0.02 M sodium phosphate buffer (pH 6.9 units) and 0.5 mg/mL α-amylase solution. The mixture was preincubated for 10 min at 25 ∘ C, following the addition of 200 μL 1% starch solution (prepared in 0.02 M sodium phosphate buffer (pH 6.9 units) and was incubated further at 25 ∘ C for 10 min. 400 μL of DNS (dinitrosalicylic acid) reagent was then added to terminate the reaction. Finally, absorbance was taken at 540 nm. Parallel to this, a control (without extract) was also run under same set of conditions.
Results and discussion
Percent extraction yield
Determination of quantitative yield of a plant extract is first imperative step during the evaluation of biological activity of medicinal plants. Extraction from F. benjamina leaves was made by using 40, 60, 80, and 100% aqueous ethanol as an extraction solvent. The effect of extraction solvent, ethanol, used at variable concentrations on yield of F. benjamina leaves is shown as % extraction in Figure 1 . The highest yield of F. benjamina leaves extract (17.73 ± 0.32%) was obtained by using 60% ethanol, while the lowest level of extract yield (12.07 ± 0.78%) was procured with 100% ethanol. The yield of F. benjamina leaves extract using 40% and 80% ethanol amounted to be 14.60 ± 0.95% and 15.20 ± 0.53%, respectively. The highest yield achieved by using 60% ethanol differed significantly (P < 0.05) from that obtained by using 40, 80, and 100% ethanol. These results regarding % extract yield were comparable with those of Al-Zuaidy et al. and Zhao et al., [24, 27] who reported that during the course of extraction from Melicope Lunu-ankenda and Epimedium brevicornum by using aqueous ethanol in various proportions as extracting solvent, the % extract yield increased initially, reaching a maximum value with 60% ethanol and then declined with increase in ethanol concentration. In a previous study, Abdel-Hameed et al. [28] had reported 18.12% extract yield from a Ficus sp. leaves, while Imran et al. [22] had reported 23.34% yield of F. benjamina leaves extract by using methanol as extraction solvent. Slight variations in the percent extract yield may be attributed to difference in the extraction solvent and its composition along with other factors, including medicinal plant maturity, season, and agro-climatic conditions [22] DPPH scavenging activity Free radicals are well recognized as major contributors towards numerous chronic diseases including diabetes mellitus, renal failures, and cancer along with many other degenerative complications because of their role in disruption of natural defense systems/mechanisms [22] Antioxidants exhibit protective activity against oxidative damage and thus they play an imperative role in diminishing the risk of chronic diseases [17, 29] Antioxidant-rich medicinal plants hold promise to potentiate antioxidant defense system with least side effects [22] Due to DPPH stability and its handling ease, DPPH radical scavenging assay has been widely employed by researchers for investigating antioxidant activity of natural antioxidants and medicinal plant extracts. [17, 30] In the present study, DPPH assay was performed to determine the antiradical potential of extracts of F. benjamina leaves. The percentage DPPH scavenging activity, and IC 50 of ethanolic F. benjamina leaf extracts (EFBE) and butylated hydroxyanisole (BHA) at different concentrations are shown in Figures 2 and 3, respectively. Among the different extracts studied, 80% ethanolic extract was found to exhibit highest antioxidant activity based upon its DPPH radical scavenging ability with IC 50 value of 63.71 ± 2.66 µg/ mL. It was found that the antioxidant activity of 80% ethanolic extract was comparable and was nonsignificantly different (P > 0.05) from 60% ethanolic extract with IC 50 value of 69.32 ± 1.75 µg/mL; however, it differed significantly (P < 0.05) from 40% and 100% and BHA with IC 50 values 96.33 ± 3.99 µg/mL, 85.52 ± 3.29 µg/mL and 46.24 ± 1.54 µg/mL, respectively. Previously, Imran et al. [22] also performed DPPH radical scavenging assay of methanolic, n-butanol, chloroform, ethyl acetate and hexane extracts of F. benjamina leaves and reported IC 50 values of 49.86 ± 3.39, 147.46 ± 3.85, 103.96 ± 2.06, 223.00 ± 2.68, and 436.21 ± 7.27 µg/mL, respectively. The slight variation in the DPPH radical scavenging activity might be due to the different extracting solvents used. The results demonstrated that extracts of F. benjamina leaves exhibited potent DPPH radical scavenging activity and thus making them a good natural source of antioxidants.
Alpha-glucosidase and alpha-amylase inhibition activity
The use of antioxidant-rich medicinal plants that can reduce oxidative stress and postprandial hyperglycemia may be considered as one of the most promising approach for the management of diabetics. [17, 31] The carbohydrates hydrolyzing enzymes (α-glucosidase and α-amylase) have been documented as therapeutic targets towards the modulation of postprandial hyperglycemia. [8, 32, 33] Alpha-glucosidase and α-amylase normally hydrolyze dietary carbohydrates which are the main source of blood glucose. Inhibition of these carbohydrates hydrolyzing enzymes therefore can be an important treatment option for diabetes mellitus. [34] The medicinal plant extracts with efficient inhibitory properties towards α-glucosidase and α-amylase enzymes could therefore be highly useful for the treatment of diabetes by retarding uptake of dietary carbohydrates, delaying glucose absorption and suppression of postprandial hyperglycemia. [8, 35] In the present study, inhibitory effect of different ethanolic extracts of F. benjamina towards α-glucosidase and α-amylase enzymes was investigated. The α-glucosidase and α-amylase inhibition activities of ethanolic F. benjamina extracts are shown in Figures 4A and 4B . The results revealed that extracts of F. benjamina leaves exhibit potent α-glucosidase and α-amylase inhibition activity. The IC 50 values of different ethanolic F. benjamina extracts (EFBE) towards α-glucosidase and α-amylase inhibitions are presented in Table 1 . The 80% ethanolic extract of F. benjamina leaves was depicted to be the most efficient α-glucosidase inhibitor with IC 50 value of 9.65 ± 1.04 µg/mL. The lowest α-glucosidase inhibition activity was shown by 40% ethanolic F. benjamina extract with IC 50 value of 22.02 ± 0.89 µg/mL, whereas the IC 50 values for 60% and 100% ethanolic extracts were 13.19 ± 1.14 µg/mL and 18.21 ± 1.35 µg/mL, respectively. The comparative descending order of α-glucosidase inhibition of the extracts were revealed to be: EFBE 80% > EFBE 60% > EFBE 100% > EFBE 40%. Interestingly, the ethanolic extracts F. benjamina leaves demonstrated higher α-glucosidase inhibition activity than the standard α-glucosidase inhibitors, i.e., acarbose (IC 50 = 116.01 ± 3.83 µg/mL). The 80% ethanolic extract of F. benjamina leaves also showed highest inhibition activity toward α-amylase enzyme with IC 50 value of 13.08 ± 1.06 μg/mL; however, the IC 50 values for 40, 60, and 100% ethanolic extracts amounted to be 19.62 ± 1.31 µg/mL, 15.85 ± 1.49 µg/mL, and 25.15 ± 4.35 µg/mL, respectively. The descending order of α-amylase inhibition activity of the extracts was EFBE 80% > EFBE 60% > EFBE 40% > EFBE 100%. The α-amylase inhibition activity demonstrated by extracts of F. benjamina leaves were also higher than those demonstrated by acarbose (IC 50 = 152.66 ± 7.32 µg/mL). Previously, numerous medicinal plants have been reported by researchers having higher α-glucosidase and α-amylase inhibition activity compared to the standard synthetic inhibitors/drugs. Zhang et al. [36] investigated α-glucosidase inhibitory potential of various ethanolic extracts of propolis (EEP) and reported higher α-glucosidase inhibition activity of 25% EEP (IC 50 = 11.32 ± 2.23 µg/mL), 50% EEP (IC 50 = 12.90 ± 1.14 µg/mL), 75% EEP (IC 50 = 7.24 ± 1.16 µg/mL), 95% EEP (IC 50 = 16.26 ± 0.43 µg/ mL) and 100% EEP (IC 50 = 20.01 ± 1.54 µg/mL) compared to the α-glucosidase inhibition activity of acarbose (IC 50 = 177.47 ± 6.28 µg/mL). Poongunran et al. [37] evaluated inhibitory effect of Ficus racemosa stem bark and Pterocarpus marsupium latex towards α-glucosidase and α-amylase enzymes and discovered that α-glucosidase inhibition potential of F. racemosa stem bark (IC 50 = 19.88 µg/mL) and Pterocarpus marsupium latex (IC 50 = 0.54 µg/mL) was better than acarbose (IC 50 = 208.53 µg/mL); also, the α-amylase inhibition activity of F. racemosa stem bark (IC 50 = 19.73 µg/mL) and Pterocarpus marsupium latex (IC 50 = 2.97 µg/mL) were higher as compared to the acarbose (IC 50 = 262.54 µg/mL). Elya et al. [38] also reported higher α-glucosidase inhibition activity of Syzygium polyanthum (IC 50 = 19.06 µg/mL) than that of acarbose, whereas Jyothi et al. [39] reported higher α-amylase inhibition activity of Rosa damascene (IC 50 = 70.33 + 0.14 μg/mL) as compared to the acarbose. In another study, Gao et al. [40] investigated inhibitory properties of green tea extract and green tea polyphenols against α-glucosidase and α-amylase enzymes and reported higher α-glucosidase activity of green tea (IC 50 = 4.421 ± 0.018 µg/mL) and green tea polyphenols (IC 50 = 10.019 ± 0.017 µg/mL) when compared with that of acarbose (IC 50 = 4822.783 ± 2 6.04 µg/mL). Similarly, green tea polyphenols showed higher inhibitory effect against α-amylase enzyme (IC 50 = 1,370.812 ± 59.081 µg/mL) compared to the α-amylase inhibition activity of acarbose (IC 50 = 2715.654 ± 24.709 µg/mL).
There is sufficient available literature which shows that the medicinal plant extracts demonstrate better α-glucosidase and α-amylase inhibition activities comparative to the standard drugs/inhibitors. In the present study, ethanolic extract of F. benjamina leaves has also been ascertained to exhibit potent α-glucosidase and α-amylase inhibition activities, hence can decrease blood glucose level and suppress postprandial hyperglycemia. These excellent inhibitory properties of extracts of F. benjamina leaves may be attributed to the presence of biologically functional molecules.
H-NMR and uhplc-qtof-ms/ms-based metabolite profiling
The bioactive constituents in the ethanolic F. benjamina extract were identified by using 1 H-NMR in combination with J-resolved spectra and UHPLC-QTOF-MS/MS. Primary metabolites were identified by comparing their 1 H-NMR peaks (chemical shifts) with those described in Chenomx database. A typical 1 H-NMR spectrum of F. benjamina leaf extract is shown in Figure 5 . The signals of metabolites in the aliphatic region (δ 0.5-3.0) belong to amino acids and organic acids. Whereas, sugars appeared in carbohydrates region ranging from δ 3.0-5.5 in spectrum. The region (δ 5.5-9.0) was characterized as aromatic corresponds to secondary metabolites including phenolics and flavonoids.
In case of UHPLC-QTOF-MS/MS, the metabolites were identified on the basis of accurate masses, molecular ion peaks, and fragmentation patterns in addition to comparison with ACD/Labs library and previously reported relevant data in the literature. UHPLC-QTOF-MS/MS chromatogram of F. benjamina extract is shown in Figure 6 .
Numerous constituents as shown in Table 2 were detected in F. benjamina extract by using either 1 H NMR or UHPLC-QTOF-MS/MS including quercetin, quercetin 3-O-α-rhamnoside, quercetin 3-O-β-glucoside, quercetin-rahmnosylgalactoside, rutin, catechin, catechin trimer, epicatechin, (epi) catechin-(epi)catechin-(epi)-catechin, (epi)afzelechin-(epi)catechin, kampferol, morin, naringenin, Table 2 .
Quercetin is a major dietary flavonol present in medicinal plants. Within the flavonoid family, it exhibits potent anti-oxidant activity and is known to impart positive impact on glucose metabolism. It has the ability to reduce intestinal absorption of glucose [41, 42] Quercetin from Calendula officinalis L. leaves significantly inhibited the activity of α-amylase. [43] Rutin is also a well-known flavonoid to exhibit anti-diabetic effects. Flavonoids from Morus atropurpurea leaves have been investigated for their ability to inhibit carbohydrate hydrolyzing enzyme by Hong et al., [44] and it was revealed that out of all the tested flavonoids, such as rutin, kaempferol-3-O-rutinoside, isoquercetin, and astragalin, rutin showed highest α-glucosidase inhibitory potential (IC 50 = 13.19 ± 1.10 µM). Catechins isolated from grape seeds have also been reported to be good inhibitors of carbohydrate hydrolyzing enzymes . [45] Similarly, epicatechin and its isomers isolated from Rhodiola crenulata roots have been reported to exhibit significant α-glucosidase inhibitory activity . [46] Habtemariam et al. [47] reported kampferol to be a potent inhibitor of carbohydrates hydrolyzing enzyme. In another study, morin had shown to exert significant inhibitory effect on α-glucosidase (IC 50 = 4.48 ± 0.04 μM).
. [48] Potent inhibitory activity of naringenin (flavanone) against α-glucosidase enzyme has been reported by Priscilla et al. [49] Apigenin and apigeninglucopyranoside isolated from Chrozophora plicata have also been reported to impart significant inhibitory effect on α-glucosidase activity. [50] Gallic acid is an important constituent of numerous medicinal plants and has shown strong inhibitory properties against carbohydrates hydrolyzing enzymes. In a previous study, better inhibitory activity of α-glucosidase of gallic acid (IC 50 = 24.3 μM) has been reported compared to the acarbose (IC 50 = 59.5 μmol/L). [51, 52] Potent α-glucosidase and α-amylase inhibition activities of caffeic acid and chlorogenic acid have been reported by Oboh et al. [12] Dose-dependent inhibition of α-amylase and α-glucosidase was revealed by both of these phenolic acids. However, caffeic acid showed significantly higher inhibitory activity towards α-glucosidase (IC50 = 4.98 μg/mL) and α-amylase (IC50 = 3.68 μg/ mL) as compared to chlorogenic acid (α-glucosidase IC50 = 9.24 μg/mL and α-amylase (IC50 = 9.10 μg/mL). Furthermore, quinic acid and its derivatives from Pluchea indica leaves were also found to be potent inhibitors of carbohydrate hydrolyzing enzymes . [53] Significant carbohydrates hydrolyzing enzymes inhibition properties of all the above discussed metabolites prove them to be promising therapeutic candidates for the management of type 2 diabetes. The present study revealed that extract of F. benjamina leaves is enriched with a wide range of natural bioactive constituents, and therefore the underlying potent antioxidant and α-glucosidase and α-amylase inhibitory properties of extract of F. benjamina leaves might be attributed to the presence of these metabolites and their synergistic effects.
Conclusion
Results of the present study ascertained the potent antioxidant and inhibitory potential of leaf extracts of F. benjamina against α-glucosidase and α-amylase enzymes. The 80% ethanolic leaf extract of F. benjamina proved as the best inhibitor of carbohydrate hydrolyzing enzyme. Presence of numerous valuable bioactive metabolites in 80% ethanolic extract further supported the findings and these metabolites may also have some synergistic interaction which could also be responsible for the observed potent anti-diabetic effect of extract. These results, therefore, provide significant scientific evidence concerning the prodigious use of F. benjamina leaves towards the development of medicinal preparations, functional foods or nutraceuticals for the management of diabetes and related medical conditions.
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